Abstract: This paper investigates whether the hot IPO effect persists post-IPO in China's Growth Enterprise Market (GEM) based on the dynamic equicorrelation of trading volume and stock returns. We find that the hot IPO effect ends after two years with the imbalance between demand and supply for GEM stock relieved, which indicates that the rational learning process requires almost two years for most investors. Further, we confirm that returns and volumes are positively correlated at the 1% significance level. This result indicates that the fundamental analysis may not apply to the GEM because the information content of trading volume is capable of forecasting stock returns.
INTRODUCTION
The Growth Enterprise Market (GEM) has played an important role in the economic system that provides small-and medium-sized, high-tech enterprises a platform to raise equity funding, especially during the recent economic transformation in China. The Growth Enterprise Market (GEM) of the fastest growing stock exchange markets in China, and GEM market value have increased dramatically from 160 billion Yuan (US$ 25.7 billion) in 2009 to 719.9 billion Yuan (US$ 116.3 billion) in 2013. Before the China GEM opened, most high-tech enterprises chose to finance in Hong Kong or NASDAQ, which does not benefit the economic growth of China. To spur efficient economic growth, the Chinese government implements dozens of policies to prepare for the economic transition. A significant policy is the opening of the GEM, which provides opportunities for the development of high-tech industries in China. The development of the GEM will transform the Chinese economy from the traditional "three-high" industries-high polluting, high energy consuming, and high water consuming-into a high-tech industry economy. The China GEM is now widely considered a hot IPO market (Ibbotson and Jaffe, 1975) .
As of 2013, the number of companies listed on the GEM Shenzhen is 355. However, only 28 companies were listed initially. Therefore, to collect enough data periods, we chose the sample from these 28 companies. All of these companies are small with high *Address correspondence to this author at the Faculty of Economics, Kobe University, 2-1, Rokkodai, Nada-Ku, Kobe 657-8501, Japan; Tel: +81-78-803-6832; E-mail: hamori@econ.kobe-u.ac.jp growth potential and find it difficult to satisfy the listing requirements of the Main Board. Their price increases on the day that they list on the Board by approximately 200%. The companies listed on China's Main Board must satisfy a greater number of strict requirements for their initial public offerings (IPOs) than their GEM counterparts for indicators such as profitability, scale, and asset quality. The firms listed on the GEM are considered higher risk than the firms listed on the Main Board. Although both the China Main Board and China's GEM are organized as a pure order-driven market, the trader in the China GEM must satisfy additional requirements to enter the market. Only qualified investors possess a license to enter this market. Therefore, individual investors who comprise a significant portion of capital markets are unlikely to obtain a license to buy stock in this market. For instance, an investor must have three years of investment experience before obtaining this type of license. Both the IPO and market participant requirements differentiate the China GEM to such an extent that these two markets are significantly different. Therefore, GEM stocks are considered hot IPOs or issues because of their scarcity.
Although GEM firms are chased by fund numbers, the continued increases in price cannot be sustained over the long term. This paper investigates how long these stocks will be chased based on the equicorrelation dynamic (DECO) of trading volume and stock returns. The basic assumption behind the dynamic is that the DECO of both trading volume and stock returns will be high during the "hot period," particularly for the DECO of trading volume. If either DECO falls, the hot issue effect will disappear.
Moreover, because the price of stock is determined by the present value of future dividends, most companies in GEM are still small with few dividends to deliver. Alternatively, the companies that share high P/E ratios reflect the high growth potential of the companies. However, a severe adverse selection problem will be observed in the China GEM because there is limited supervision. The undisclosed information from listed firms creates information asymmetry between the public and firms, which causes the market stock price to deviate from its fundamentals. Because the requirements for entering the market are strict, most investors are considered professional investors. Therefore, the correlation between stock returns and trading volume may be the best indicator to justify fair value of the companies; it is hard to determine the stock price based solely on fundamentals. Further, the stock returns and trading volumes also include the expectations of investors for future company growth; therefore, the correlation between them will reflect the movement of future perspectives of the companies, especially for contemporary China. This paper focuses on the dynamic equicorrelations between trading volume and stock returns using a DECO-GARCH model 1 (Engle and Kelly, 2012) .
Further, this paper addresses the following questions:
(1) How long will the hot issue effect persist after an IPO? (2) Is there a strong relationship between trading volume and stock returns in the GEM, and how does this type of relationship evolve with time? (3) Does the market work efficiently or how long does rational learning take to justify the fair value of the stock after IPO?
The remainder of this paper is organized as follows. Section 2 provides an overview of the related literature. Section 3 discusses various copulas to verify dependence structures. Section 4 describes the data and statistical issues. Section 5 provides the empirical results, and Section 6 concludes the study.
LITERATURE REVIEW
A number of studies have analyzed the hot issue market since Ibbotson and Jaffe (1975) , who noted that a period with high levels of initial returns tends to coincide with a large volume of IPOs. Subsequently, many studies suggested that rationale is the relationship between high levels of initial returns and the large volume IPOs (Ritter, 1984; Brailsford et al., 2000; Lowry, 2003) . Further, the relationship between trading volume and stock price changes has attracted attention from the finance community in recent decades. Early studies in this area can be traced to the contribution of Karpoff (1987) , who found a positive correlation between absolute price changes and trading volumes. Since then, numerous studies have been documented. For instance, Campbell et al. (1993) provided evidence that the return-volume relationship contributes to solving the identification problem for testing different models.
Two methodologies have addressed the issues during the past two decades. The first is the vector autoregressive (VAR) model and Granger causality tests that investigate the hot/cold issuing cycles in hot IPO markets (Brailsford et al., 2000; Lin et al., 2009; Guo et al., 2010) and dynamic return-volume relationships (Lee and Rui, 2002 , Statman et al., 2006 , Griffin et al., 2007 , and Hutson et al., 2008 . The most current methodology is the contribution of Guo et al. (2010) , which identified the hot and cold period in the Chinese A-share IPO market based on the MS-VAR model. Chen (2012) found that stock return is capable of predicting trading volume in both bear and bull markets, whereas the trading volume capability to predict stock returns is weaker based on the MS-VAR model.
The second is the GARCH-based model of Engle (1982) and Bollerslev (1986) , which examines the dynamic correlation between trading volume and stock returns. Most studies focus on the Mixture of Distributions Hypothesis (MDH), which investigates the relationship of return-volume volatility (Andersen, 1996; Li and Wu, 2006; and Girard and Biswas, 2007) . The latest is the study of Carroll and Kearney (2012) , who provide evidence of the MDH for the British stock market based on the GARCH-based tests.
Further, Karpoff (1987) noted that volume is positively correlated with positive price changes and negatively correlated with negative price changes; therefore, its correlation should be positive. Another area can examine this correlation in the extreme case. For instance, Ning and Wirjanto (2009) found that the return-volume dependence is asymmetric in the extreme case using the copula approach from the analysis of six emerging East-Asian equity markets.
In contrast to previous studies, we choose China GEM firms as our object to analyze the hot issue effect and the relationship of trading volume and stock returns based on the DECO-GARCH model (Engle and Kelly, 2012) . Few studies address the China GEM, and this discussion contributes to the current financial literature in terms of the chosen market and the econometric method applied. Further, we choose nine firms from the established GEM to analyze how long the hot issue effect persists based on a firm's level, which represents a unique approach that no study has adopted. The China economy is experiencing a period of structural transformation. Whether it succeeds will depend on the transformation of its financial markets, especially the GEM, which offers an opportunity to improve the level of the industry as a whole.
ECONOMETRIC METHODOLOGY
Engle and Kelly (2012) They assume an average of conditional correlation equal to all pair correlations to simplify the calculations of large-scale correlation matrices. Following the studies of Engle and Kelly (2012) , this paper examines the dynamic equicorrelation (DECO) between transaction volume and stock returns by adopting the following two-step approach. In the first step, we estimate the conditional variance of both stock returns and trading volume based on an autoregressive (AR) model for the conditional mean and a GARCH model (Bollerslev, 1986) . The AR (k)-GARCH (p, q) specification is expressed as follows:
and
where E t 1 is the conditional information operator based on the information at time t-1.
In Eq.
(1), the AR(k) model, indicates that the current movement of a variable x t can be explained by its own past movement (r t 1 , r t 2 ,…). In this paper, the variable r t is represented by asset returns. In Eq. (2), the persistence of shocks to the conditional variance is given by i .
For the detailed definition of equicorrelation, please refer to Engle and Kelly (2012) .
Because the residuals t are skewed and heavy tailed, we assume that the density function of t follow Student's t-distribution 3 given by:
where is the number of degrees of freedom and is the gamma function.
The maximum likelihood method was used to estimate each model. The Schwarz Bayesian information criterion (SBIC) was used to evaluate the AR terms by choosing the smallest values. The LjungBox Q test was applied to examine the residuals of the AR term. According to the SBIC and residual diagnostics, the values of k, p, and q range from k = 1, 2…, 5; p = 1, 2; and q = 1, 2, respectively.
In the second step, based on the conditional volatilities from Eq. (2), we calculate the conditional correlations from the conditional covariance matrix:
where the diagonal matrix D t is the conditional volatilities from Eq. (2).
Therefore, the trend of the generalized DCC model (Engle, 2002) can be specified as
where Q represents the unconditional correlation matrices of z t . Therefore, the conditional correlation matrix R t is derived as
where the diagonal matrix Q t * = q ii,t contains the square roots of the diagonal elements of Q t .
DECO sets t equal to the average pairwise DCC correlation
3
The generalized error distribution does not provide robust results according to the properties of data, nor does it generalize to a multivariate process.
where I n denotes the n-dimensional identity matrix, J n n denotes the n n matrix of ones, and q i, j,t is the 
DATA
Our data comprise daily returns and trading volumes of the nine firms 4 from the first group of listed companies in the China GEM. days of public holiday and trade suspension are excluded. All data come from DataStream. Table 1 provides the summary statistics, which detail the returns for each stock. The stock returns are calculated as R t = log(P t / P t 1 ) 100. Table 2 provides the summary statistics that detail the trading volume for each stock. Outstanding shares may change over time; therefore, to avoid this bias, we use trading volume divided by outstanding shares as a relative indicator. Further, the results of the Jarque-Bera (J-B) test show that the null hypothesis of the normal distribution is rejected in all cases. The results of the Ljung-Box Q statistics demonstrate the existence of serial correlation for each series.
EMPIRICAL FINDINGS
We use a two-step method to estimate the dynamic equicorrelation for both trading volume and stock returns. In the first step, we estimate the marginal distributions for each series. In the second step, we estimate the DECO based on the standardized residuals from step one. Because of the nonstationarity property of the trading volume, we consider the percentage changes in volume in our empirical analysis: t = log(V t / V t 1 ) 100.
Marginal Distribution Specifications
In the first step, we choose the most appropriate specifications for modeling conditional heteroscedasticity according to the usual information criteria, such as the Akaike information criterion (AIC), Schwarz Bayesian information criterion (SBIC), and log likelihood (logLik) statistics by employing univariate GARCH models (Verbeek, 2004) . Tables 3 and 4 (standardized squared residuals) . *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. According to Tables 3 and 4, the null hypothesis of no autocorrelation up to order 20 for standardized residuals and standardized squared residuals is accepted for all countries, supporting our model specifications. Overall, the results are acceptable and sufficient to describe the marginal behavior of trading volume and stock returns.
DECO Specifications
The second step is to estimate the DECO model based on the conditional variance from step one. Figure 1 illustrates the DECOs of trading volume and stock returns. Table 5 shows the results of the DECO model for both trading volume and stock returns. Table 5 shows that the sum of a and b is less than one for all cases, indicating that the DECO parameters are in the range of typical estimates from the GARCH model. Further, rounded to three decimal places, the sum of a and b rounds to one in the case of trading volume, suggesting that the equicorrelation is almost integrated, which is consistent with the contribution of Carroll and Keamey (2012) . In the case of stock returns, the degree of integration is less than that of trading volume, indicating that stock returns perform more independently than trading volume. As shown in Figure 1 , we can see that the DECO of trading volume decreases with time, whereas the DECO of stock returns does not. The reason for this is that the stock of the GEM is the hot issue at the initial time because only 28 companies meet the requirements for their IPOs.
With the development of the GEM, the number of listed companies increases to disperse the funds, which eases the imbalance between demand and supply. Figure 1 illustrates that the hot issue effect disappears within two years of the IPO. Guo et al. (2010) note that the IPO cycles exist in the China A-share market. The hot issue effect will disappear within two years after the firms are listed in the China GEM. In other words, the rational learning process requires almost two years for most investors.
To examine the relationship between trading volume and stock returns in the GEM, we employ Spearman's correlation coefficient ( = 0.362, p<0.001) and Pearson's correlation coefficient ( = 0.348, p<0.001) . Both statistics indicate a positive significant relationship between the DECO of stock returns and the DECO of trading volumes. The trading volume still plays an important role in determining the stock price during the process of price discovery. Consistent with previous studies, Campbell et al. (1993) and Carroll and Keamey (2012) find that the trading volume does explain stock returns. With GEM expansion, we witness market efficiency improvements.
CONCLUSION
This paper investigates how long the hot issue effect persists, and examines the relationship between trading volume and stock returns in the China GEM. Using daily data of listed companies in the China GEM, we estimate the dynamic equicorrelation for both trading volumes and stock returns.
With respect to general correlation, we find that returns and volumes are positively correlated at the 1% significance level. The interpretation for the result is intuitive. The trading volume still plays a significant role in determining the stock price during the process of price discovery, which is consistent with the contribution of Griffin et al. (2007) . The results indicate that the market works more efficiently with GEM expansion.
Further, by illustrating the dynamic equicorrelation for both returns and volumes, we find that the imbalance between demand and supply for GEM stock has been relieved because the DECO volume decreased around 2011. This result indicates that the hot issue effect disappears within two years post-IPO. In other words, the rational learning process requires almost two years for most investors.
Our findings also suggest that the GEM works efficiently if the Chinese authorities solve the problem of financing growth enterprises through market strategies. There is evidence to suggest that the information content of trading volume can forecast stock returns. 
